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(54) Flame-retardant polyolef in-type resin composition method for the preparation thereof, and 
f lame-retardant cables 

(57) A flame-retardant polyolef in-type resin compo- 
sition comprising 



(A) 100 weight parts polyolef in-type resin, 

(B) 30 to 200 weight parts powder of a hydrated 
metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysi- 
ioxane with average unit formula 



R a SiO (4 . a)/2 

where each R is a selected from the group consist- 
ing of monovalent organic groups selected from the 
group consisting of C 1 to C 12 alkyl and C 6 to C 12 
aryl and hydroxyl, wherein aryl constitutes from 50 
to 100 mole% of the total monovalent organic 
groups and the hydroxyl content in each molecule is 
from 1 to 10 weight%, a is a number from 0.75 to 
2.5, and the organopolysiloxane contains at least 
one RSi0 3/2 siloxane unit in each molecule, where 
R is as previously described. The composition is 
useful as a flame-retardant coating on electrical 
cables. 
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DESCRIPTION OF INVENTION 
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composition comprising 



[0005, The present invention is a fiame-retardant pofyo.efin-type resin 



(A) 1 00 weight parts polyolefin-type resin 

c ?o?^X«5SS a hydrated metal - 

9ht parts branched organopolysi.oxane with average unft formula 



a Si °(4-a)/2 
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monovalent organic groups and the hydroxyl content in each molecule is from 1 to 10 weight%, a is a number from 
0.75 to 2.5, and the organopolysiloxane contains at least one RSiO^ siloxane unit in each molecule, where R is 
as previously described. 

5 [0006] The invention additionally relates to a method for producing the flame-retardant polyolefin-type resin com- 
position and to flame-retardant cables having a coating of the flame-retardant polyolefin-type resin composition. 
[0007] The polyolefin-type resin (A) used in this invention as a general matter encompasses those high molecular 
weight compounds known as polyolefin-type resins, that is, the high molecular weight polymers whose main backbone 
derives from ethylene-series hydrocarbon. Such features as the specific type and so forth are not critical. The polyole- 

io fin-type resin under consideration can be exemplified by polyethylenes such as high-density polyethylene, medium-den- 
sity polyethylene, and low-density polyethylene; copolymers of ethylene with C 3 to C 12 a-olefin such as propylene, 1- 
butene, 1-pentene, 1-hexene, 4-methyl-1 -pentene, 1-octene, and 1-decene; polypropylenes; copolymers of propylene 
with C 2 to C n2 a-olefin such as ethylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1 -pentene, 1-octene, and 1 decene; 
ethylene-propylene copolymer rubbers; ethylene-propylene-diene copolymer rubbers; the copolymers of ethylene with 

75 vinylic monomer such as vinyl acetate, ethyl acrylate, methacrylic acid, ethyl methacrylate, maleic acid, and maleic 
anhydride; the copolymers afforded by the modification of polyethylene or an ethylene-a-olefin copolymer with an 
unsaturated carboxylic acid, such as acrylic acid and maleic acid, or derivative of an unsaturated carboxylic acid; and 
mixtures of the preceding polyolefin-type resins. Preferred among these examples are the polyethylenes, ethylene-vinyl 
acetate copolymers, ethylene-ethyl acrylate copolymers, and copolymers of maleic acid or maleic anhydride with ethyl- 

20 ene or a-olefin. 

[0008] The hydrated metal compound powder (B) used in this invention is the essential component for imparting 
flame retardancy to the composition. Component (B) with a decomposition initiation temperature in the range of from 
150 to 450°C is preferred because such a component (B) has a high flame-retarding activity. Component (B) also pref- 
erably has an average particle size in the range from 0.01 to 30 jim for the good dispersibility in polyolefin-type resins 
25 this affords. An average particle size in the range from 0.05 to 10 urn is even more preferred. Component (B) can be 
exemplified by magnesium hydroxide powder, aluminum hydroxide powder, and these powders after surface treatment 
with a surface treatment agent such as a silane coupling agent, titanium coupling agent, or higher aliphatic acid. Mag- 
nesium hydroxide is the preferred selection from among the preceding. 

[0009] Component (B) should be introduced into the present composition at from 30 to 200 weight parts per 100 
30 weight parts component (A) and is preferably introduced at from 50 to 1 50 weight parts per 1 00 weight parts component 
(A). An inability to impart a desirable flame retardancy to the polyolefin-type resin composition can occur when the addi- 
tion of component (B) falls below 30 weight parts, while additions in excess of 200 weight parts cause the polyolefin- 
type resin composition to have a reduced mechanical strength. 

[0010] The branched organopolysiloxane (C) used in the present composition is the component that characterizes 
35 this invention. Component (C) functions, in its co-use with component (B), to improve the flame retardancy of the com- 
position of this invention. Component (C) also functions to improve the moidability of the present composition. Compo- 
nent (C) is branched organopolysiloxane with the average unit formula R a SiO( 4 _ a )/ 2 conta,ns at 'east one RSi0 3/2 
siloxane unit in each molecule. R in R a SiO (4 _ a)/2 and RSiO^ is selected from the group consisting of monovalent 
organic groups selected from the group consisting of C-, to C 12 alkyl and C 6 to C 12 aryl and hydroxyl group. The to 
40 C 12 alkyl encompassed by R can be exemplified by methyl, ethyl, n-propyl, isopropyl, butyl, and hexyl; while the C 6 to 
C 12 aryl can be exemplified by phenyl, naphthyl, and tolyl. Aryl should constitute from 50 to 100 mole% of the total 
monovalent organic groups in component (C) and the hydroxyl content in each molecule should be from 1 to 10 
weight%. The subscript a in formula R a SiO (4 _ a)/2 is a number from 0.75 to 2.5. Propyl and phenyl are preferred for the 
R group in the aforementioned formulas. 
45 [0011] It is essential that aryl constitute from 50 to 100 moie% of the total monovalent organic groups in component 
(C). This value is preferably from 50 to 99 mole% and is more preferably from 60 to 90 mole%. An aryl content below 
50 moie% results in a reduced flame retardancy for the present composition. 

[0012] Each molecule of component (C) must contain from 1 to 1 0 weight% hydroxyl and preferably contains from 
2 to 8 weight% hydroxyl. The present composition will suffer from a reduced flame retardancy at a hydroxyl content 

50 below 1 weight% or in excess of 1 0 weight%. 

[0013] Component (C) must contain at least one siloxane unit with the formula RSi0 3/2 (T unit) in each molecule, 
where R is as defined above. In addition to the T unit, component (C) may also contain siloxane units with the formula 
R 3 SiO V2 (M unit, R is defined as above), siloxane units with the formula R 2 Si0 2/2 (D unit, R is defined as above), and 
siloxane units with the formula Si0 4/2 (Q unit). When these other units are present, the T unit content is preferably at 

55 least 90 mole% and more preferably is at least 95 mole%. With regard to the presence of the D unit in component (C), 
the D unit : T unit molar ratio is preferably in the range from 0 : 100 to 10 : 90 and more preferably is from 0 : 99 to 5 : 95. 
[0014] Branched organopolysiloxane with the following average molecular formula is preferred for component (C) 
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( Rl 3 a °l«).(R 1 2SIO fea ) b (R 1 SI0a«)e(SIO 4 «) d (HO 1fl ), 
where R 1 is a monovalent hydrocarbon group selected from the group consisting of C, to C 19 alkyl and C c to C arvl 

i : ss'nss: numben b is zer ° ° r a positive numb - c - a p-— "«5*r. - * o p k s sssis; 

KwhileThe C to r 2 JS? enC ° mpaSSed bV R1 Can 66 exem P"«ed by methyl, ethyl, n-propyl. isopropyl, butyl and 
«lethe C« to C 12 aryl can be exemplM by phenyl, naphti^, and tol^ 

S and m Jri^? 9POim ° f COmp0nent < C > is ° referab| y 'owerthan the softening point of the polyolefin-type resin 
low f y ' S "° 9reater than 3 °°° C - When «^Ponent (A) is a polyolefin-type resin with a relative,^ bw 

rolmZSr" 0 " 6 " 1 ^ ^ 9 POint n ° *" to ' 2 °°° C P^itSE 

omf/rihlv i^nnT 1 iin a nl ra9 l m ° leCUlar WeigM ° f com P° nent <C> should as a general matter be 300 to 500 000 and 

fltlTY i °: ° m ° re Preferably is 300 10 1 0 ' 000 - As used he ™" ^e weight-average motecZ wefaht 
is the value measured by gel permeation chromatography (G PC) average molecular weight 

[0018] The component (C) content of the present composition should be from 0.01 to 50 weight parts and prefers 
bly ,s from 0. 1 to 30 weight parts, in each case per 1 00 weight parts component (A). Little cepacia Crt f lameTtaT 

oweri of th^? PreS t ent COmposition emprises components (A), (B), and (C), but in addition may contain insofar as the 

t f o°ho 1 nloo 0 „ A l St ?! C ' abOV6, Pr6Sent reSin corTl P° srtion ca " ^ made simply by mixing components (A) (B) and (C) 
to homogeneity The means for effecting this component mixing can be exemplified by mixing appara uses and I co m 
pounding apparatuses such as 2-roll mills, Banbury mixers, and kneader mixers apparatuses and com- 

[0022] Because of i** ^ce'le^* "^ih^mihw tu P ^^^^ + ;+ . 

"J ? J" 6 ™ ,dln 9* thus opined are characterized by an excellent flame retardancy and a^o by an excelSnt 
mechamcal s rength and therefore can be used in those applications where such properties are critical Amon such 

srs sssr hi9h,y suited for app,ication to such as -«* p°™ S 

TetltlT P °1T nn * P : ^ eVa ' Uated by me — "t of the oxygen EE base* Ts K 7201 Pla ic 

^^^ssr^rz^ ? forthe Me2Si ° 2/2 unit - t ,orthe Mesi °- unit - TPr f ° rthe pSS" 

ana i for the PhSiO^ unit. The molecular structure of the branched organopolysiloxanes was analvzefUno 
nuclear magnefc resonance spectroscopy (NMR). The weight-average molecular weight Z^Z^TsPCT^ 
weight-average molecular weight is the value calculated on the basis of known pofystyran^nda^s 



Table 1 



branched organopolysi- 
loxane 


average unit formula 


average molecular formula 


SR1 


p r 0 .3oPh 0 70 (HO) 0 43 Si0 1 29 


T Kr a3oT Kh 0 . 70 (H0 1/2 ) 043 


SR2 


Me 100 (MeO) 090 SiO 105 


T i.oo(Me0 1/2 ) 090 ~| 


SR3 


Me 167 (MeO) 056 SiO 089 


D o.67T 0 .33(MeOi/ 2 )o 56 
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Table 1 (continued) 
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branched organopolysi- 
loxane 


average unit formula 


average molecular formula 


SR4 


Me 1J4 (HO) 0 .05 SiO i.4i 


D 0.14 T 0.86( HO 1/2)0.05 



Table 2 



branched organopo- 
lysiloxane 


phenyl content 
(mole%) 


hydroxyl content 
(weight%) 


weight-average 
molecular weight 


softening point (°C) 


SR1 


70 


6.0 


2300 


60 - 100 


SR2 


0 


0 


1500 


< 25 


SR3 


0 


0 


1300 


<25 


SR4 


0 


1.2 


16000 


40-60 



20 

Examples 1 to 4 and Comparative Examples 1 to 4 

[0025] Flame-retardant polyolefin-type resin compositions were prepared by mixing the components described in 
the proportions reported in Tables 3 and 5. The polyolefin-type resins used were high-density polyethylene (Hizex 

25 5303E from Mitsui Kagaku Kabushiki Kaisha), ethylene-ethyl acrylate copolymer (Jaylex EEA A1 150 from Japan Poly- 
oiefin, abbreviated as EEA resin), and maleic anhydride-modified polyethylene. The hydrated metal compound powder 
used was magnesium hydroxide powder (Kisuma 5Afrom Kyowa Kagaku Kabushiki Kaisha). The SR1 to SR4 reported 
in Table 1 were used as the branched organopolysiloxane. The mixing procedure is described below. 
[0026] The polyolefin-type resin was introduced into the mixer (a Labo-Plast Mill from Toyo Seiki Seisakusho) and 

30 melted by heating to 180 to 220°C. The magnesium hydroxide powder was then introduced with mixing. The branched 
organopolysiloxane was subsequently introduced with mixing to yield the flame-retardant polyolefin-type resin compo- 
sition. The resulting flame-retardant polyolefin-type resin composition was injection molded at 180 to 220°C. The prop- 
erties (oxygen index and tensile strength) of the resulting molding were measured; these results are reported below in 
Tables 3 and 5. 

35 

Example 5 

[0027] A polyolefin-type resin composition was prepared by intermixing the high-density polyethylene and magne- 
sium hydroxide powder described in Example 1 and the branched organopolysiloxane SRI to homogeneity in the pro- 

40 portions reported in Table 4. The mixing procedure was as follows: the high-density polyethylene was introduced into 
the mixer (a Labo-Plast Mill from Toyo Seiki Seisakusho) and melted by heating to 180 to 220°C; the magnesium 
hydroxide powder was then introduced with mixing; the branched organopolysiloxane SRI was subsequently intro- 
duced with mixing to yield the f lame-retardant polyolefin-type resin composition. The resulting flame-retardant polyole- 
fin-type resin composition was injection molded at 180 to 220°C. The oxygen index of the resulting molding was 

45 measured and the results are reported below in Table 4. 

Example 6 

[0028] A power cable was fabricated by coating an electric wire with the flame-retardant polyolefin-type resin com- 
50 position prepared in Example 1. The wire (conductor cross section = 8 mm 2 ) comprised a core wire coated with 
crosslinked polyethylene insulation (coating thickness = 1 mm). The power cable was fabricated by coating this wire 
with a 1.8 mm thickness of the flame-retardant polyolefin-type resin composition of Example 1. An excellent appear- 
ance was presented by the power cable coated with the flame-retardant polyolefin-type resin composition. The flame 
retardancy of this power cable met the requirements of the test when evaluated by the VW-1 flame test of UL Standard 
55 758. 
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[0029] Power cable coated with a flame-retardant polyolef in-type resin composition was fabricated according to the 

i f ZTr 21 th T' e , 6 ; ^ ' n thiS 0336 USing the P°W sim *yP e resi " composition prepared in Comparative Example 
1 rather than the polyolefm-type resin composition that was used in Example 6. The resulting power cable had a good 
appearance but did not meet the requirements of the test when subsequently evaluated by the VW-1 flame test of UL 
otandard 758. 



Table 3 





Example 1 


Example 2 


Example 3 


Example 4 


components 










high-density polyethylene (parts) 


100 


100 




90 


EEA resin (parts) 






100 




maleic anhydride-modified 








10 


polyethylene (parts) 










magnesium hydroxide (parts) 


100 


50 


100 


100 


branched organopolysiloxane 
(parts) 










SR1 


10 


10 


10 


10 


Drooerties 










oxygen index 


34 


29 


34 


37 


tensile strength (MPa) 


0.17 









Table 4 





Example 5 


components 




high-density polyethylene (parts) 


100 


EEA resin (parts) 




magnesium hydroxide (parts) 


100 


branched organopolysiloxane 
(parts) 




SR1 


10 


properties 




oxygen index 


30 
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Table 5 
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Comparative Exam- 
ple 1 


Comparative Exam- 
ple 2 


Comparative Example 
3 


Comparative Example 
4 




components 












high-density polyeth- 
ylene (parts) 


100 


100 


100 


100 


10 


magnesium hydrox- j 
ide (parts) 


100 


100 


100 


100 




branched organopol- 
ysiloxane (parts) 










15 


Q DO 

SR3 
SR4 




1 0 


10 


10 


20 


properties 












oxygen index 


27 


27 


27 


27 




tensile strength 
(MPa) 


0.18 
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Claims 



1 . A flame-retardant polyoiefin-type resin composition comprising 

30 (A) 100 weight parts polyolefin-type resin, 

(B) 30 to 200 weight parts powder of a hydrated metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysiloxane with average unit formula 

R a SiO (4 . a)/2 

35 

where each R is a selected from the group consisting of monovalent organic groups selected from the group 
consisting of C-j to C 12 alkyl and C 6 to C 12 aryl and hydroxy!, wherein aryi constitutes from 50 to 100 mole% of 
the total monovalent organic groups and the hydroxyl content in each molecule is from 1 to 10 weight% and a 
is a number from 0.75 to 2.5 and the organopolysiloxane contains at least one RSiO^ siloxane unit in each 
40 molecule, where R is as previously defined. 

2. The flame-retardant polyolefin-type resin composition of Claim 1, in which component (C) is branched organopol- 
ysiloxane with average molecular formula 

45 (R 3 Si0 1/2 ) a (R 2 Si0 2/ 2) b (RSi0 3/2 ) c (Si0 4/2 ) d (H0 1/2 ) e 

where R is a monovalent organic group selected from the group consisting of C-i to C 12 alkyl and C 6 to C 12 aryl, 
aryl constitutes from 50 to 100 mole% of the total monovalent organic groups, the hydroxyl content in each mole- 
cule is from 1 to 10 weight%, a is zero or a positive number, b is zero or a positive number, c is a positive number, 
50 d is 0 or a positive number, and e is a positive number. 

3. The flame-retardant polyolefin-type resin composition according to Claim 1 or 2 in which the monovalent organic 
groups of component (C) are selected from the group consisting of propyl and aryl. 

55 4. The flame-retardant polyolefin-type resin composition according to any preceding claim in which component (C) 
has a weight-average molecular weight of from 300 to 10,000. 

5. The flame-retardant polyolefin-type resin composition according to any preceding claim in which component (C) is 
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solid at room temperature. 
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admixing component (C) with heating. 
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